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Abstract 
The present work is concerned with an attempt to predict the fatigue strength of welded joints by means of a fracture mechanics 
approach that takes into account the fatigue behaviour of short cracks. The methodology estimates the fatigue crack propagation rate as 
a function of the difference between the applied driving force and the material threshold for crack propagation, a function of crack 
length. The fatigue strength of butt-welded specimens stressed transversely was analyzed. Experimental results from the literature were 
used for comparisons. Good estimations are obtained by using only the fatigue limit and the fatigue propagation threshold for long 
cracks corresponding to the base metal, and the applied stress distribution along the crack path obtained from simple FE models. The 
influence of parameters like plate thickness, initial crack length and reinforcement angle on fatigue strength of butt-welded joints can 
be analyzed and results have shown good agreement with experimental results and trends.  
In order to verify the ability of the methodology to estimate the fatigue behaviour of welded joints, a dedicated experimental 
methodology had to be implemented for the detection and monitoring of the development of surface small cracks initiated at weld toes. 
Some results of a multi-strain gauges technique implemented for those purposes are also shown. 
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1. Introduction 
 
To ensure that the full effect of the three key features dominating the fatigue life of welded joints (geometric 
stress concentrations, welding flaws and residual stresses) is allowed for in design, most fatigue design rules consist 
of series of S-N curves based on data obtained from constant amplitude fatigue test on actual weldments [1-3], in 
which use is usually made of the commonly used classification method of specifying design curves in terms of the 
fatigue strength at a given number of cycles (e.g. 2x106 or 107). Since the stress concentration effect of the welded 
joint geometry is included, S refers to the nominal stress adjacent to the weld detail. 
In those cases where a crack is present, the fatigue life of the welded joint consists mainly of crack growth and 
the S-N curve is usually calculated by integrating the crack growth law. Adopting the basic Paris law and the usual 
fracture mechanics terminology: 
 mKC
dn
da  (1) 
 
The stress intensity factor range K is given by the following general expression [4]: 
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(2) K Y Mk S  a
 
where Y is a function of crack size and shape and of loading, S is the nominal applied stress range, a is the crack 
length, and Mk is a magnification factor that reflects the stress concentration effect of the welded joint geometry and 
depends on the crack size, section thickness and loading mode. Mk quantifies the change in stress intensity factor K 
as a result of the surface discontinuity at the weld toe.  
From (1) and (2), and integrating from an initial crack length (ai) to a final crack depth (af) the resulting S-N 
curve for a given stress ratio R (minimum to maximum applied stress), is predicted to be:   
  
ANS m  (3) 
 
where m, A and C are are environmentally sensitive material-constants obtained from long crack fatigue behavior 
and N is the cycle number (fatigue life). According to expression (3), the S-N curve is linear on a log-log basis with 
a slope m equal to that of the Paris law. As a consequence of this, most design S-N curves for welded joints are 
taken to be parallel with a slope compatible with the fatigue crack law of the material. Since m is approximately 3 
for most materials, S-N curves with slops of 3 are widely adopted. However, the threshold for fatigue crack 
propagation can not be considered with expression (1), so fatigue limits can not be defined.  
Another important factor that should be taken into account, is that short cracks usually show lower threshold 
levels and higher propagation rates than long cracks, when considering the same applied driving force (K). The 
short crack effect can be observed till a crack length in the range 0.2-1 mm for structural steels [5-7]. Previous 
works on fatigue of welded joint have observed initial crack-like defect depth of about 10-120 m [8], 20-150 m 
[9] or 10-400 m [10], according to the welding conditions and applied quality control. Radaj and Sonsino have 
recommended initial crack size ai = 0.1-0.25 mm in welded structures for life predictions [11]. These defect depths 
clearly falls on the short crack regime, thus the short crack behaviour should be taken into account in any analysis in 
which the initial crack length is in the range of 20-400 m.  
The present work is concerned with an attempt to predict the fatigue strength of welded joints by means of a 
fracture mechanics approach that includes the fatigue crack propagation threshold for both short and long cracks. 
The methodology [12], previously developed to analyze the short crack behavior, estimates the threshold for fatigue 
crack propagation as a function of crack length, th, and the fatigue crack propagation rate as the difference 
between the applied driving force, , and th, as follow: 
 
(4)  mthm KKCdN
da  
 
In this expression threshold for crack propagation is a function of crack length. This work analyses the 
applicability of expression (5) that allows to include the short crack behavior to study the fatigue strength of welded 
joints.  
 
 
2. A fracture mechanics approach using a resistance curve method 
 
Expression (4) says that the difference between the total applied driving force defined by the applied stress 
intensity factor range for a given geometrical and loading configuration, K, and the threshold for crack 
propagation, Kth, defines the effective driving force applied to the crack. This concept is the base of the Resistance-
Curve Method [13,14]. Here the model proposed by Chapetti [12] is used to estimate the material threshold for crack 
propagation as a function of the crack length, Kth: 
 
 
Kth  KdR  KthR  KdR  1 ek(ad ) 	Y th  a a  d (5) 
 
where d is the microstructural dimention, a is the crack length, KthR is the threshold for long cracks for a given R 
value, and KdR and k are given by the following expressions, respectively: 
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(6) dYK eRdR  
 dRthR
dR
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k



4
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Figure 1 shows schematically the threshold curve given by expression (6) in terms of the stress intensity factor 
range. For a crack length a = d, Kth = KdR, and Kth tends to KthR for long cracks. In the case of a welded joint 
the presence of defects usually avoid the crack initiation period, and the initial crack length for the crack 
propagation one will be given by the maximum crack-like defect. Unless the initial crack length was greater than 
0.5-1 mm, short crack effect should be included in the analysis.  
As a first approximation the fatigue threshold for crack propagation can be estimated by using the material 
properties of the base plate. In this application the fatigue properties determined experimentally for a C-Mn steel and 
shown in Table 1 are used and supposed to be similar to those of the C-Mn steel used by Taylor in his joints.  
 
Table 1. Material chemical composition and mechanical properties used for the model. 
 
C-Mn Steel 
0.11 wt% C, 0.38 wt% Mn, 0.2 wt% Si, 0.013 wt% P, 0.018 wt% S 
C D K  ys u e R=0.1 thR m [MPa] [MPa] [mm] [MPa] [MPa m1/2 [mm/cycle] ] 
-9286 472 0.028 360 7.6 - 5.7 R 1.526 10 3.15 
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Figure 1.  Threshold curve defined by expression (6) in terms of the stress intensity factor range 
 
The applied driving force, K, is related to the stress range, , and crack length, a, by expression (2), in 
which the parameter Y is a function of crack length, component geometry and type of loading. In this and previous 
works [15] estimation was carried out in this work by using a solution based on the weight function method for a 
through thickness crack in a finite plate [16]. The non-uniform stress field yy(x) was estimated using finite element 
models constructed by using ABAQUS software [17]. Eight-node quadratic elements were used in a static, elastic 
analysis. Details of the analysis of convergence carried out can be found in reference [15], were it was shown that 20 
elements along half of the plate thickness (3 mm) are enough to obtain convergence for the stress distribution for 
depths greater than 0.1 mm. About 30 elements were used for all models.  
All weld toes are modelled as a sharp corner. It was demonstrated that the stress concentration obtained at 
different depth from the notch root, ktx, does not depend on the notch root radius when x > 0.2 r [15]. Because a 
value of 0.1 mm seems to be a reasonably minimum value to be considered as a minimum initial crack length, the 
influence of notch root radius seems to have no important effect in the applied stress distribution, unless the notch 
root radius were greater than 0.5 mm. Besides, a greater notch root radius would give lower stress concentrations, so 
that for r > 0.5 the assumption would be conservative. 
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3. Applications 
 
The influence of parameters like plate thickness, initial crack length and reinforcement angle on fatigue 
strength of butt-welded joints has been analyzed in previous publication [15], and results have shown good agreement 
with experimental results and trends. Following is a brief description of an example of those previous analyses. Finally, 
especific butt-joints configurations are studied. 
 
3.1. Influence of reinforcement angle in butt-welds 
 
Gurney [1] have point out that the range of values of the fatigue strength of butt welds varied widely, from 100 
MPa to 180 MPa for the fatigue strength at 2x106 cycles for R values close to zero. He point out that the main reason 
for these variations seems to be the local shape on the reinforcing cap, especially the angle a between the 
reinforcement and the base metal.  
Figure 2 shows the well known experimental results presented by Gurson, together with results of the 
estimated fatigue limit as a function of the reinforcement angle for different initial crack length. Results estimated 
conservatively the experimental ones and the trend is well described. It is worth noting that the model can explain 
the reduction in the scatter observed as the reinforcement angle decreases. This is due to the fact that as the 
reinforcement angle decreases, the stress gradient near the weld toe increases and from a given value non-
propagating cracks defines the fatigue limit. Those non-propagating crack are in the range of 0.1-0.2 mm, so that the 
fatigue limit would be similar for the cases of an initial crack length ai = 0.028, 0.1 mm and 0.2, as can be observed 
for 
 = 115º. Figure 2 also shows results obtained with the material data corresponding to a bainite-martensite 
microstructure and a initial crack length ai = 0.05 mm. It can be observed that estimated value falls near the upper 
limit of experimental results. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Influence of reinforcement angle in fatigue strength of butt-welds. 
3.2. Fatigue strength of butt-welds. Monitoring of the development of surface small cracks initiated at weld toes 
 
In order to verify the ability of the methodology to estimate the fatigue behaviour of welded joints, a dedicated 
experimental methodology had to be implemented for the detection and monitoring of the development of surface 
small cracks initiated at weld toes. For this purpose a multi-strain gauges technique was implemented. Figure 3 
shows specimens instrumented with multiple strain gauges that allows to monitor the fatigue crack propagation from 
a crack length as small than 100 m. Details of the method and the implementation can be found in references [18-
19] 
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Figure 3. Photographs showing detalis of the instrumented specimens. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Example of  experimetal and estimate results of crack length as a function of the number of fatigue cycles 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Eperimental and estimated fatigue life for but joints 
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Figure 4 shows an example of the results of the monitoring of the fatigue propagation of a crack initiated from a 
weld toe. Good agreement is observed for the total crack range. It can be also observed that the method have a 
detection threshold of about 100-200 m, which also allows to monitor the crack propagation during the early stage 
of fatigue. 
Figure 5 shows the experimental results and the estimated fatigue lives for three different thicknesses. Even 
though the test were carried out at relatively high nominal stresses, the estimations shows a good correlation and 
trends. It can be also seen in Figure 5 that the approach allows to obtain an associated fatigue limit for any analysed 
configuration, and that the estimation of the fatigue limit for 1” thickness is in good correlation with the value given 
by IIW FAT curve (80 MPa for this case) [20]. 
 
 
4. Concluding remarks 
 
Even though modern technology has improved the quality of welded joints and maximum initial crack-like 
defect lengths of about 0.1 mm can be obtained, almost no attempt have been carried out till now in order to analyse 
the influence of short crack effect in the definition of their fatigue strength. The approach presented in reference [15] 
to estimate the fatigue behavior of welded joints seems to be a powerful tool for the analysis and understanding of 
the influence of the different geometrical, mechanical and microstructural parameters that are involved in the 
definition of the fatigue strength of welded joints. Further applications and analysis will be presented in future 
publications.  
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